The Egyptian Journal of Chest Diseases and Tuberculosis 2018, 67:177-183 and less sensitive for large-airway obstruction than spirometry in asthmatics and COPD patients.
Background
Impulse oscillation system (IOS) is a simple, effort-independent modality for the evaluation of airway resistance and reactance. It can be used for the assessment of obstructive airway diseases in adults and children. The aim of this study was to compare IOS and spirometry in the evaluation of airway obstruction in both asthmatic and chronic obstructive pulmonary disease (COPD) patients. Patients and methods A total of 70 participants were included in this study and were classified into three groups, the asthma group (25 patients), the COPD group (25 patients), and the control group (25 healthy participants), full history, clinical examination, and demographic data were obtained from all participants, spirometry was done, and the following values were obtained: forced expiratory volume in 1 s (FEV 1 %), forced vital capacity (FVC%), FEV 1 /FVC, midexpiratory flow rate (MEF)25-75%, and MEF75-85%, IOS measured values were R20%, R5%, and X5.
Results
Females represent about 64% of the asthma group, whereas males represent the 100% COPD group. COPD patients were older than both the asthma and control groups with the mean age of 56.8±9.31, whereas asthmatic patients were more obese than both the COPD and control groups with mean BMI of 29.27±6.03. There was a statistically significant decrease in all spirometry values and increase in central, peripheral airways resistance, and a decrease in reactance (to more negative values) in asthmatic and COPD patients in comparison with that of the control group. In the asthma group, we noticed a statistically significant negative correlation between R5% and FEV 1 /FVC, FEV 1 %, MEF75%, and MEF75-85%, whereas a positive correlation was found between these spirometry parameters and X5. In the COPD group, we found a statistically significant negative correlation between R20% and FEV 1 /FVC only, and a negative correlation between R5% and FEV 1 /FVC, FVC, FEV 1 %, MEF75%, and MEF75-85% with a statistically significant P value, and a positive correlation was found between these spirometry parameters and X5. Sensitivity of IOS in detection of small airway obstruction in the asthma group was 100%, specificity 83.33% with diagnostic accuracy of 96%, whereas in the COPD group, sensitivity was 83.33%, specificity 100%, and diagnostic accuracy 84%.
Conclusion
The severity of airway obstruction by IOS was well correlated to spirometry in both asthma and COPD. IOS was more sensitive in detection of small airway obstruction Introduction Impulse oscillation system (IOS) is a noninvasive, simple, and effort-independent technique for the assessment of lung function, requiring only passive patient cooperation. It allows the measurement of both airway resistance and reactance [1] .
IOS modality is based on the physiologic principles of the forced-oscillation technique [2] .
It uses sound waves to evaluate airway changes and requires only normal tidal breathing from the patient. The impulses generated by the loudspeaker travel through the airways during normal breathing, with higher frequencies reflecting back from the large airways to the mouth and lower frequencies traveling deeper into the lung before returning [3] .
The resistance at 5 Hz (R5) reflects the total airway resistance, whereas the resistance at 20 Hz (R20) reflects the large airways resistance. So, small-airways resistance can be measured by subtracting R20 from R5, and can be used with X5, Fres, and AX to assess the degree of peripheral airway obstruction [4] .
IOS has been used in both adult and pediatric patients for the diagnosis of obstructive airway diseases [5] , such as asthma, chronic obstructive pulmonary disease (COPD) [6] , and cystic fibrosis [7] , and can be used during bronchoprovocation challenge tests [8] .
Like spirometry, IOS parameters are correlated with clinical symptoms and asthma control [9] ; however, IOS has the advantage of detection of subtle changes in the airway function earlier than spirometry [10] . Some authors suggest that IOS can be used to assess the abnormality of small airway function, even in the setting of normal spirometry [11] .
Aim
The objective of this work was to compare IOS and spirometry in the evaluation of airway obstruction in asthmatic and COPD patients.
Patients and methods
This study was conducted in Chest Department, Kasr Alainy Hospital, Cairo University in the period from January 2017 to October 2017. All patients assigned a written concent and details of the research were discussed with each patietns. The study was carried out on 70 participants who were categorized into three groups; 25 asthmatic patients, 25 COPD patients, and 20 healthy participants as a control group.
Demographic data, clinical history, and physical examination were obtained from all participants. Spirometry and IOS were done using MasterScreen IOS device (Carefusion, Leibnizstrasse, Germany), according to American Thoracic Society/European Respiratory Society task force 2005 [12] .
The following values were obtained from spirometry: forced expiratory volume in 1 s (FEV 1 %), forced vital capacity (FVC%), FEV 1 /FVC, midexpiratory flow rate (MEF)25-75%, and MEF75-85%. IOS measured values were R5%, R20%, and X5. Large airway obstruction was identified if the total respiratory resistance R5 is higher than 150% predicted by R5, and R20 is similar to the total respiratory resistance R5. Distal capacitive reactance X5 is completely within the normal range. Small airway obstruction was diagnosed if R5 is within the abnormal range, that is, greater than 150% predicted, and R20 is considerably lower than R5, and X5 is reduced into the abnormal range.
Asthmatic patients were defined by a history of recurrent wheezing, cough, and chest tightness, these symptoms are variable over time. Diagnosis was confirmed by finding reversible airway obstruction postbronchodilators in spirometry based on Global Intiative of Asthma (GINA) guidelines 2017 [13] . COPD patients were diagnosed by a history of persistent dyspnea, chronic cough, chronic sputum production, and history of exposure to a risk factor. The diagnosis of COPD was confirmed by irreversible airway obstruction in spirometry according to Global Initiative for Chronic Obstructive Lung Disease guidelines 2017 [14] .
Statistical analysis
Data were coded and entered using the statistical package SPSS (statistical package for the social sciences) version 24 (SPSS Inc., Chicago, Illinois, USA). Data were summarized using mean, SD, median, minimum, and maximum in quantitative data, and using frequency (count) and relative frequency (percentage) for categorical data. Comparisons between quantitative variables were done using the nonparametric Kruskal-Wallis and Mann-Whitney tests. For comparing categorical data, χ 2 -test was performed. The exact test was used instead when the expected frequency is less t han 5. Correlations between quantitative variables were done using Spearman's correlation coefficient. Standard diagnostic indices, including sensitivity, specificity, positive predictive value, negative predictive value, and diagnostic efficacy were calculated, as described by P values less than 0.05, and were considered as statistically significant.
Results
A total of 70 participants were included in this work; they were classified into three groups, 25 asthmatic patients (asthma group), 25 COPD patients (COPD group), and 20 healthy participants (control group). Table 1 shows that females represent about 64% of the asthma group, whereas males represent 100% of the COPD group.
COPD patients were older than both asthma and control groups with the mean age of 56.8±9.31, whereas asthmatic patients were more obese than COPD and control groups with mean BMI of 29.27±6.03 (Table 2) .
There was a statistically significant decrease in all spirometry values and increase in central, peripheral airways resistance, and a decrease in reactance (to more negative values) in asthmatic and COPD patients in comparison with that of the control group (Tables 3  and 4 ). In the asthma group, we noticed a statistically significant negative correlation between R5% and FEV 1 /FVC, FEV 1 %, MEF75%, and MEF75-85%, whereas a positive correlation was found between these spirometry parameters and X5 ( Table 5 ).
In the COPD group, we found a statistically significant negative correlation between R20% and FEV 1 /FVC only, and a negative correlation between R5% and FEV 1 /FVC, FVC, FEV 1 %, MEF75%, and MEF75-85% with a statistically significant P value, and a positive correlation was found between these spirometry parameters and X5 (Table 6 ). Table 7 shows that the sensitivity of IOS in the detection of large airway obstruction in the asthma group is as low as 47.37%, specificity 66.67%, and diagnostic accuracy 52% only; for the COPD group, the sensitivity was lower than that for the asthma group 34.78%, specificity 100%, and also lower diagnostic accuracy 40% ( Table 8 ).
Sensitivity of IOS in the detection of small airway obstruction in the asthma group was 100%, and specificity 83.33% with diagnostic accuracy of 96% (Table 9 ). In the COPD group, sensitivity was 83.33%, specificity 100%, and diagnostic accuracy 84% (Table 10 ).
Discussion
This work was done in Chest Department, Kasr Alainy Hospital, Cairo University. It was carried out on 70 participants who were classified into three groups: asthma group (25 patients), COPD group (25 patients), and (20 healthy) participants as a control group.
We found that 64% of the asthma group were females, whereas 100% of the COPD group were males ( Table 1) .
The mean age of COPD patients was 56.8±9.31 which was older than both asthma and control groups; their mean ages were 44.92±13.41 and 34.05±13.08, respectively. We noticed that asthmatic patients have higher BMI than that of COPD and control groups ( Table 2 ).
There was statistically significant reduction in FEV 1 / FVC, FVC%, FEV 1 %, MEF75%, and MEF75-85% in the asthma group in comparison with the control group. Also, there was a statistically significant increase in R20% (mean: 147.36±49.7) and R5% (mean: 245.24±109.18 with P<0.001) and statistically highly significant reduction in X5 (to a more negative value) in asthmatic patients when compared with controls (Table 3) .
Comparison between COPD patients and the control group showed statistically significant reduction in FEV 1 /FVC, FVC%, FEV 1 %, MEF75%, and MEF75-85% in the COPD group, and a statistically significant increase in R20% (mean: 133 ±38.89) and R5% (mean: 235.68±97.04 with P<0.001) and a remarkable reduction in X5 (became more negative, with a mean value of −3.52±2.39 and P<0.001) in the COPD group (Table 4 ).
Our results were matched with another study which was conducted on 230 participants, including 56 COPD patients, 87 asthmatics, and 87 healthy individuals as a control group to compare between spirometry and IOS in the assessment of airway obstruction in asthma and COPD, and researchers found that COPD patients were older than both asthma and control groups with more male predominance in the COPD group, and they also found a considerable increase in R5%, R20%, and remarkable reduction in X5 in asthma and COPD groups in comparison with that of the control group [15] .
Other researchers found that COPD patients had lower BMI and more male proportion, and they also noticed that both asthmatic and COPD patients had significantly higher values of R5, R20, and more negative values of X5 when compared with those of the control group [16] .
We found higher values of R20 in asthma than both COPD and controls, and a more negative X5 in COPD patients than both the groups, this was also shown by some authors, but they found a significant increase in proximal airway resistance only in bronchial asthma but not in patients with COPD [17] .
Also in a study that used IOS parameters to differentiate between asthma, chronic bronchitis, and emphysema, the authors found that Rrs were the highest in asthma, whereas X was the lowest in emphysema [18] . In the asthma group, we found a statistically significant negative correlation between R5% and FEV 1 / FVC, FEV 1 %, MEF75% (with P<0.001), and MEF75-85%, whereas a positive correlation was found between these spirometry parameters and X5 (Table 5 ).
Previous data revealed that R5 was significantly correlated to FEV 1 , FEV 1 /FVC, and also FVC in asthmatics, whereas X5 was correlated only to FEV 1 and FEV 1 /FVC [15] . Similarly, in a more recent work, it was found that IOS parameters were well correlated to the severity of airway obstruction in asthmatics [19] .
Regarding the correlation between spirometry and IOS parameters in the COPD group, we found a statistically significant negative correlation between R20% and FEV 1 /FVC only, and a negative correlation for R5%, and a positive correlation for X5 and FEV 1 /FVC, FVC%, FEV 1 %, MEF75%, and MEF75-85% with a statistically significant P value ( Table 6 ).
In two different studies, the authors concluded that the severity of airway obstruction in COPD assessed by IOS was correlated to spirometry parameters, and their findings showed a negative correlation between FEV 1 % and R5, R5-R20, and X5 (increases its negative value) [20, 21] .
In another study, they documented a significant correlation between R20 and FVC, and FEV 1 /FVC, whereas R5 was correlated with FVC and FEV 1 only; regarding X5, it was correlated only with FEV 1 /FVC in the COPD group [15] . We noticed that they did not study the correlation between small airway parameters of spirometry and IOS, but in our study, we found a significant correlation between MEF75% and MEF75-85%, and both R5% and X5 in both asthma and COPD patients.In our study, the sensitivity of IOS in the detection of large airway obstruction in the asthma group was as low as 47.37%, specificity 66.67%, and diagnostic accuracy 52% only (Table 7) ; for the COPD group, the sensitivity was lower than that for the asthma group 34.78%, specificity 100%, and also lower diagnostic accuracy 40% (Table 8 ).
Regarding small airway obstruction, we noticed that the sensitivity of IOS in the detection of small airway obstruction in the asthma group was 100%, and specificity 83.33% with diagnostic accuracy of 96% (Table 9 ). In the COPD group, sensitivity was 83.33%, specificity 100%, and diagnostic accuracy 84% (Table 10 ). This means that the sensitivity of IOS was higher in the detection of small airway obstruction in both asthma and COPD than that for large airway obstruction.
One study showed that the sensitivity of IOS in asthma was 31.3%, whereas for COPD, it was 38.95% [22] . But in another work, researchers detected higher sensitivity of IOS 87% for asthma and 94% for COPD [23] .
Some authors found that X5 was the best measured IOS value in the assessment of COPD with 76% sensitivity, whereas R20 was the best IOS value for asthmatics with 77% sensitivity [15] .
Some data suggest that IOS can be used to assess abnormal distal airway function, even in the setting of normal spirometry [11] . Indeed, IOS parameters were more effective than FEF25-75% in the detection of small airway obstruction in poorly controlled asthma in children [4] .
Conclusion
We concluded that the degree of airway obstruction measured by IOS was well correlated to spirometry, and IOS was more sensitive in the detection of small airway obstruction and less sensitive for large airway obstruction than spirometry in asthmatics and COPD patients, so IOS can be used as a complementary test for the assessment of obstructive airway diseases.
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